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(54) Vibration isolating apparatus and vibration Isolating table 



(57) A vibration isolating apparatus and a vibration 
isolating tablefor reliably oontroUing vikMHtion of an dbject 
of vibration tsotation. A coil-nmunting main body (18) is 
mounted on tlie vitiation isolating table and a yoke- 
mounting main body (20) is mounted on a floor (14). A 
coil (24) of the coil-nx)unting main tKxly (18) is disposed 
in a gap of a yoke (26) where magnetic flux passes 
through, in a state in which the coil does not contact the 
yoke. An acceleration sensor for detecting a vibration is 
mounted on the vbration isolating table arxi is connected 
to a controlling device. The controlfirig device receives 



an acceleration detecting signal from the acceleration 
sensor and controls an electric current applied to the cot) 
(24) such that vibration acting on the vibration isolating 
tat>le becomes zero. Since the coil (24) arxi tiie yoke (26) 
are disposed in a non-contact state, even though vibra- 
tion shifted in any direction other than a direction in which 
the coil (24) moves is generated on the floor (14). the 
vibration is not transmitted to the vibration isolating table. 



^18 ^lO 




Prinrorthv Bank Kflrw « Rii«:inft<* J^ruiro.; 



1 



EP0701 314 A2 



Description 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The present invention relates to a vibration isolating 
apparatus and a vibration isolating table for actively con- 
trolling very little vibration, and particularly to a vibration 
isolating apparatus which is suitable for isolating vibra- 
tion of a precision optical instrument, an electron micro- 
scope, a measuring instrument, a precision balance, a 
precision machine tool, a vibration isolating floor or the 
like, and to a vibration isolating table which is suitable for 
use in mounting these instruments thereon. 

DESCRIPTION OF THE REUTED ART 

Recerrtly.'in asystem in which a body to be vibrated 
is supported by a moving body, there has been thought 
of an active vibration-isolating method for preventing 
transmission of vibration to the body to be vibrated. In 
this active vibration-isolating method, the body to be 
vibrated is equipped with a mechanism for applying force 
from outside, and vibration of the body to be vibrated is 
isolated by force being applied actively to the body to be 
vbrated. 

As a mechanism used for this type of active vibra- 
tion>iso)ating method, tiiere is known a force generating 
mechanism utilizing force generated in an electi-ic con- 
ductor which is placed in a magnetic field and to which 
an electi-ic current is applied, i.e., a so-called electromag- 
netic actuator-type vibration isolating apparatus. 

As shown in Fig. 12, tiiis type of electromagnetic 
actuator-type vibration isolating apparatus 100 has a 
pot-type yoke 102 with a cylindrical permanent magnet 
101. Acoil lOSwound around a bobblnl 04 is disposed 
in a gap where magnetic flux passes through. The bobbin 
104 is supported by me yoke 102 via a pair of metallic 
plates 1 06. A vibrating portion 1 1 0 mounted on an object 
of vibration isolation is formed integrally witii a leading 
end of the bobbin 1 04. As shown in Fig. 1 3. ttiis vibration 
isolating apparatus 100 is applied to, for example, a 
vibration isolating table 1 12 or the like, on which a micro- 
scope, a precision equipment or the like, being apt to be 
easily affected by vibration, is mounted. 

The vibration isolating table 112 is supported by a 
floor 116 via vibratfon absorbing devices 114 or the like. 
The vibration isolating apparatus 1 00 is disposed on the 
floor 1 1 6 under the vibration isolating table 1 1 2 in a state 
in which an axial direction of the vibration isolating appa- 
ratus 100 is placed horizontally The vibrating portion 1 1 0 
is fixed to a lower portion of the vibration isolating table 
112. 

In tills state, when the vibration isolating table 1 12 
is going to move, tiie vibrating portion 110 generates 
force in a direction of stopping movement of the vibratfon 
isolating table 1 1 2 so as to cortrol vibration of the vibra- 
tion isolating table 112. 



However, the vibrating portion 110 of this conven- 
tional vibration isolating apparatus 100 is supported by 
the pair of metallic plates 106 and moves only in a pre- 
determined direction (in the above-described example. 

5 a horizontal direction). For tiiis reeson. Hhere exists a 
drawback in tfiat, when the floor 106 vibrates in a vertical 
direction, this vertical vibration is transmitted to tile vibra- 
tion isolating table 102 via the metallic plates 106. 
Meanwhile, as a related art of the present invention. 

10 there is disclosed in Japanese Patent Application Laid- 
Open No, 3-66952, a method of cortrolling an electro- 
magnetic actuator built-in between a vibrating body and 
a non-vibrating body in accordance witii an amplitude 
and a frequency of vibration. 

15 

SUMMARY OF THE INVENTION 

In view of the above-described circumstances, it is 
an object of the present invention to provide a vibration 

20 isolating apparatus which prevents vibration in a prede- 
termined direction and which prevents vibration of any 
direction other than tfie predetermined direction from 
being ti-ansmitted to an object of vibratfon isolation, and 
also to provide a vibration isolating table whose vibration 

25 can be controlled reliably 

in accordance with a first aspect of the present 
invention, there is provided a vibration isolating appara- 
tijs comprising: magnetic force generating means having 
a gap which allows magnetic flux to pass through in a 

30 direction intersecting a vibration direction and is con- 
nected to one of a vibration generating portion and a 
vibration receiving portion; conducting means which 
extends in a direction perpendicular to the magnetic flux 
passing through ti^e gap and in a direction perperKiicular 

35 to a predetermined vibration direction of the vibration 
generating portion and which is disposed within the gap 
in a state of being separated from the magnetic force 
generating means by a predetermined distance, the con- 
ducting means being connected to anottier of the vibra- 

40 ton generating portion and the vibration receiving 
portion; and controlling means which charges the con- 
ducting means witii an eJectric current so as to allow the 
conducting means to generate force acting in a direction 
opposite to the predetermined vibration direction with 

45 respect to the magnetic force generating means. 

According to tfie first aspect of tiie present invention, 
the magnetic force generating means is connected to 
one of the vibratfon generating portion and the vibration 
receiving portion, and the conducting means is con- 
so nected to another of tine vibration generating portion and 
the vibration receiving portion. The conducting means 
disposed within the gap extends in the direction perpen- 
dicular to the magnetic flux passing through the gap arxJ 
in the direction perpendicular to the predetermined vibra- 

55 tion direction of the vibration generating portion. For this 
reason, force acting in the direction opposite to tiie pre- 
determir^ vibration direction can be generated in 
conducting means in accordance with a direction of an 
elecb-ic current with which the conducting means is 
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charged, and the magnitude of force generated in the 
conducting means can be changed depending on an 
amount of electric current thereto. The controlling means 
charges the conducting means with an electric current 
so as to allow the conducting means to generate force s 
acting in a direction opposite to the predetermined vibra- 
tion direction with respect to the magnetic force gener- 
ating means, so that vibration of the vibration receiving 
portion is controlled. Further, since the conducting 
means and the magnetic force generating means are io 
separated from each other, even if the vibration gener- 
ating portion vibrates in any direction other than a pre- 
determined direction, the vibration is not transmitted to 
the vibration receiving portion via the vibration isolating 
apparatus. Thus, the vibration receiving portion which is is 
art object of vibration isolation can be prevented from 
vibrating in the predetermined direction, and the con- 
ducting means and the magnetic force generating 
means are S^arated from each other by a predeter- 
mined distance. Accordingly, vibration of any direction 20 
other than ttlfe predetermined direction which is gener- 
ated in the vibration generating portion is not transmitted 
to the vibration receiving portion^ 

In accordance with a second aspect of the present 
invention, there is provided a vibration isolating table 2S 
supported by a vibration generating portion via elasticity 
means, comprising: magnetic force generating means 
having a gap which allows magnetic flux to pass through 
in a direction intersecting a vibration direction and is con- 
nected to one of a vibration generating portion and a so 
vibration receiving portion; conducting nneans which 
extends in a direction perpendicular to the majgnetic f lux 
passing through the gap and in a direction perpendicular 
to a predetermined vibration direction of the vibration 
generating portion and which is disposed within the gap 35 
in a state of being separated from the magnetic force 
generating means by a predetermined distance, the con- 
ducting means being connected to another of the vibra- 
tion generating portion and the vibration receiving 
portion; and controlling means which charges the con- 40 
ducting means with an electric current so as to allow the 
conducting means to generate force acting in a direction 
oppo^te to the predetermined vibration direction with 
respect to the magnetic force generating means. 

According to the second aspect of thepresentinven- 45 
tion, the magnetic force generating means is connected 
to one of the vibration generating portion and the vibra- 
tion isolating table, and the conducting means Is con- 
nected to another of the vibration generating portion and 
the vibration isolating table. The conducting means dis- so 
posed within the gap extends in the direction perpendic- 
ular to the magnetic flux passing through the gap and in 
the direction perpendicular to the predetermined vibra- 
tion direction of the vibration generating portion. For this 
reason, force acting in the direction opposite to the pre- ss 
determirted vibration direction of the ^/ibration generating 
portion can be generated in the conducting means in 
accordance with a directfon of an electric current applied 
to the conducting means, and tKte magnitude of force 



generated in the conducting means can be changed 
depending on an amount of electriccurrent thereto. The 
controlling means allows an electric current to be applied 
to the conducting means such that the conducting means 
moves with respect to the magnetic force generating 
means in a direction opposite to the predetermined 
vibration direction of the vibration generating portion by 
the same distance as the vibration amount, so that vibra- 
tion of tile vibration isolating table is controlled. Further, 
since the conducting means and the magnetic force gen- 
erating means are separated from each other, even if the 
vibration generating portion vibrates in any direction 
other than a predetermined direction, the vibration is not 
transmitted to the vibration isolating table. Thus, the 
vibration isolating table can be prevented from vibrating 
in the predetermined direction, and the conducting 
means and the magnetic force generating means are 
separated from each other by a predetermined cfistance. 
Accordingly, vibration of any direction other than the pre- 
determined direction which is generated in the vibration 
generating portion is not transmitted to the vbration iso- 
lating table. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 

Bg. 1 is a perspective view of a vibration isolating 
apparatus according to a first embodiment of the 
present invention; 

Rg. 2 is a side view of a vibration isolating table on 
which the vibration isolating apparatus of the first 
embodiment is mounted; 

Rg. 3 is a tongitudinaily cross-sectional view of a 

vibration isolating apparatus according to a second 

enrtKxJinnenl of the present iinvention; 

Rg. 4 is a plan view of a vibration isolating table 

according to a third embodiment of the present 

invention, in which rotation of the vibration isolating 

table can be prevented. 

Rg. 5 is a modified example of a yoke; 

Rg. 6 is another modified example of the yoke; 

Rg. 7 is still another modified example of the yoke; 

Rg. 8 is a further different modified example of the 

yoke; 

Rg. 9 is a perspective view of an electron-micro- 
scope supporting table to which a vibration isolating 
apparatus according to a fourth ennbodiment of the 
present invention is applied; 
Fig. 1 0 is a perspective view of the vibration isolating 
apparatus according to the fourth emk>odiment; 
Rg. 1 1 is a side view of the vibration isolating appa- 
ratus according to the fourth embodiment; 
Rg. 12 is a cross-sectional view of a converrttonal 
electromagnetic actuator; and 
Rg. 1 3 is a ^de view of a vibration isolating table on 
which the conventional electromagnetic actuator is 
mounted. 
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DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[First Embodiment] 

Referring now to the drawings, a vibration isolating 
apparatus according to a first embodiment of the present 
invention will be described hereinafter. 

In Fig. 2, there is shown a vibration isolating table 
12 serving as a vibration receiving portion, to which a 
vibration isolating apparatus 10 according to the first 
embodiment is applied. The vibration isolating table 12 
is supported by vibration isolating devices 16 which are 
respectively mounted onto four corners of the vibration 
isolating table 12 and fixed to a floor 14 serving as a 
vibration generating portion. The vibration isolating 
apparatus 10 is disposed under the vibration isolating 
table 12. 

As shown inHg. 1 , the vibration isolating apparatus 
10 is formed from a coil-mounting main body 18 and two 
yoke-motrntingimain bodies 20. The coil-mounting main 
body 1 8 is provided with a prism-shaped mounting block 
22. An upper portion of the mounting block 22 is attached 
to a bottom surface of the vibration isolating table 12 at 
the center thereof by unillustrated bolts, adhesive or the 
like. 

Coils 24 project from side surfaces of the mounting 
block 22, which are respectively disposed In a direction 
indfcated by arrow X and a direction indicated by arrow 

Y These coils 24 are each wound in the shape of a rec- 
tangular frame and hardened by resins or the like. An 
axial direction of each of the colls 24 is disposed along 
a horizontal direction. 

Further, the yoke-mounting n^ain bodies 20 are 
respectively disposed above the floor 14 in the direction 
indicated by arrow X and the direction indicated by arrow 

Y frorn the coil-mounting main body ia 

These yoke-mounting main bodies 20 are each pro- 
>rtded with a yoke 26 forming a part of magnetic force 
generating means. The yoke 26 of the first embodiment 
is formed from three components: a first member 28, a 
second member 30, and a permanent magnet 32 form- 
ing other part of the magnetic force generating means. 

The members 28, 30 consist of magnetic sub- 
stances, the first member 28 has a pair of parallel por- 
tions 28A disposed parallel to each other, and a base 
portion 28B which connects respective k>ngitudinal one 
ends of these parallel portbns 28A. The first member 28 
has a substantially channel-shaped configuration. 

The second member 30 has a prism-shaped config- 
uration and is provided to form a gap between the second 
member 30 and each of the pair of parallel portions 28 A. 
Further, the permanent magnet 32 is disposed and fixed 
between the second member 30 and tiie base portion 
28B of the first member 28. It should be noted that the 
permanent magnet 32 has an N pole on the sWe of the 
second member 30 and an S pole on the side of the first 
member 28. 



The base portion 28B of the yoke 26 is mounted on 
a bracket 34. The bracket 34 is fixed to the floor 14 by 
unillustrated bolts. 

The coil 24 is, as shown in Fig. 1 , inserted in the gap 

5 of the yoke 26 in such a manner as to contact neither the 
first member 28 nor the second member 30. Further, the 
size of the gap is set such tiiat the coil 24 does not con- 
tact the yoke 26 even when the coil 24 moves in any 
direction within a predetermined range. It shoukl be 

10 noted that the predetermined range referred to above is 
the same as an amplitude of vibration of the floor 14. 

Further, there is provided enough space between 
the base portion 28B of the yoke 26 and the coil 24, and 
the coil 24 is suff icientiy long from side to side in com- 

15 parison with the second member 30. Accordingly, even 
when the floor 14 and the vibration isolating table 12 
nnove relatively in a range larger than an amplitude of 
vibration, there is no posstoility that the coil 24 be dam- 
aged. 

20 As shown in Fig. 2. an acceleration sensor 36 and 
an acceleration sensor 38 are mounted on the vibration 
isolating table 12. "The acceleration sensor 36 forms a 
part of conti-ol ling means for detecting a vibration amount 
in the direction of anrow X and a direction opposite 

25 thereto. The acceleration sensor 38 forms a different part 
of controlling means for detecting a vibration amouit in 
the direction of arrow Y and a direction opposite thereto. 

These acceleration sensors 36 and 38 are both con- 
nected to a conti-dling device 40 forming a further differ- 

30 ent part of fhe corrtrolling meana The coilfe 24 are 
connected to tiie controlling device 40. 

When an acceleration detecting signal from tiie 
acceleration sensor 36 is inputted to the controlling 
device 40, tiie controlling device 40 controls an electric 

35 current charged for the coil 24 projecting from the coil- 
mounting main body 18 in the direction of arrow Y such 
tiiat vibration acting on the vibration isolating table 1 2 in 
the direction of arrow X and a direction opposite thereto 
becomes zero. Furtiier, when an acceleration detecting 

40 signal from tiie acceleration sensor 38 is inputted to the 
controlling device 40, the controlling device 40 controls 
an electi-ic current charged for the coil 24 projecting from 
tiie coil-mounting main body 18 in the direction of anrow 
X such that vibration acting on the vibration isolating 

45 table 1 2 in the direction of arrow Y and a direction oppo- 
site tfiereto becomes zero. 

Namely, the controlling device 40 calculates values 
of vibration amount in accordance with values of ttie 
respective acceleration detecting signals from tfie accei- 

50 eration sensors 36, 38. and then calculates current val- 
ues for nullifying tiie calculajted value of vibration 
amount, thereby allowing both of coils 24 to be charged 
with an electi-te current of the calculated current value. 
As tiie controlling device 40. a hardware circuit may be 

55 used, and a software with a table or an operating equa- 
tion using a CPU, ROM, RAM or the like may also be 
used. 

In operation, for example, when the floor 14 is 
slightf y shifted in tiie direction of arrow Y due to vibratton, 
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the vibration isolating table 12 is also going to move in 
the direction of arrow Y. When the vibration isolating table 
12 is about to move in the direction of arrow Y. an accel- 
eration of the vibration isolating table 12 is detected by 
the acceleration sensor 38. When the controlling device 
40 receives the acceleration detecting signal from the 
acceleration serisor 38, the controlling device 40 allows 
an electric current to be applied to the coil 24 projecting 
from the coil-mounting main body 15 in the direction of 
arrow X such that the acceleration becomes zero. The 
coil 24 to which an electric current is applied receives 
force of the direction opposite to that of arrow Y with 
respect to the yoke-mounting main body 20. The force is 
transmitted to the vibration isolating table 12, which in 
turn nrKves in the direction opposite to that of arrow Y 
As a result, the vibration of the vtoration isolating appa- 
ratus 12 in the direction of arrow Y is prevented. 

Meanwhile, even when the floor 1 4 is slightly shifted 
in the directiorT opposite to that of arrow Y. the direction 
of arrow X, and the direction opposite to that of arrow X, 
the vibration^f the vibration isolating table 1 2 can be pre- 
vented in a manner similar to the aforementioned. 
Accordingly, even if the floor 14 slightly vibrates in any 
horizontal directions, the vibration isolating table 1 2 does 
not nx)ve in the horizontal direction. 

Incidentally, in the vibration isolating apparatus 10. 
the coil 24 and the yoke 26 do not contact each other. 
For this reason, for exanple. when the floor 14 vibrates 
in a vertical direction, there is no possibility tf^t the ver- 
tical vibration of the floor 14 be transnnitled to the vibra- 
tion isolating table 12 via the vibration isolating 
apparatus 10. In this embodiment, the vertical vbration 
of the floor 14 is absorbed by the vibration absorbing 
device 16. which prevents tiie vibration from being trans- 
mitted to the vibration isolating table 12. 

[Second Embodiment] 

Next, a second embodimerrt of the present invention 
will be described with reference to Fig. 3. A vibration iso- 
lating table 12 of this embodiment is adapted to control 
not only horizontal vibration but also vertical vibration. It 
should be noted that the same members as those of tiie 
first ennbodiment will be denoted by the saitie reference 
numerals, and a description thereof will be omitted. 

As shown in Fig. 3, a vibration isolating apparatus 
42 for conti-ol vertical vibration is disposed between the 
vibration isolating t^e 12 and the floor 1 4. The vtoration 
isolating apparatus 42 incJudes a pot-type yoke 46 where 
a ring-shaped permanefrt magnet 44 is built In. A shaft 
center of the yoke 46 is disposed along a direction per- 
pendicular to the floor 1 4. A coil 50 wound around a cylin- 
drical bobbin 48 is inseiied In a gap in such a manner as 
not to contact the yoke 46. When an electric cun^ent is 
applied to the coil 50. force acting in the vertical direction 
can be generated in XUe coil 50. 

A flange 46A is formed integrally with an upper end 
of tiie bots^in 46 and is mounted on a bottom surface of 
the vibration isolating table 12. A lower-surface outer 



peripheral portion of thef lange 48A and an upper surface 
of the yoke 46 are connected with each other via a ring- 
shaped elastic body 52. The elastic body 52 Is used to 
hold the coil 50 at a predetermined^ position with respect 

5 to the yoke 46. The elastic txxiy 52 is made of extremely 
flexible rubber, sponge or the like. Meanwhile^ it suffices 
that the elastic body 52 be softer than tiie vibration 
absorbing device 16, and various rubber materials, soft 
urethane material or the like can be used therefor. 

10 Accordingly, vibration of the floor 14 transmitted to the 
vibration isolating table 1 2 via the elastic body 52 can be 
substantially regarded as nullity. 

The coil 50 is connected to the controlling device 40 
(not shown in Fig. 3), to which an acceleration sensor 

15 (not shown) is connected. The acceleration sensor is 
mounted on the vibration isolating table 12 so as to 
detect an acceleration of vertical vibration. 

A horizontal movement of the vibration isolating 
table 1 2 in this embodiment can be resti'ained by the 

20 vibration isolating apparatus 10 (not shown in Fig. 3) in 
the same manner as the first embodiment. 

Further, if the vibration isolating table 12 is going to 
slightiy move in the vertical direction, the controlling 
device 40 receives an acceleration detecting signal from 

25 the acceleration sensor and controls an electric cunent 
applied to the coil 50 so as not to vibrate the vibration 
isolating table 12. As a result, even when the vertical 
vibration transmitted from the floor 14 cannot be com- 
F^elely prevented by the vtoration absorbing devices 16, 

30 vibration of the vibration isolating table 12 can be con- 
trolled by the vibration isolating apparatus 10. 

Meanwhile, the shape of the yoke 26 is not limited 
to those of the above-desaibed first and secorxJ embod- 
iments, various modifications can be applied. Modified 

35 examples of the yoke 26 will be illustrated hereinafter 
with reference to Figs. 5 through 8. 

The yoke 26 shown in Fig. 5 is formed in such a nrian- 
ner that the second member 30 is supported by a frame- 
shaped magnetic substance body 60 at the center 

40 thereof via a pair of permanent magnets 32. 

The yoke 26 shown in Fig. 6 is formed in tiiat the 
magnetic substance body 60 and the second merhber 
30 are connected to be formed integrally, and the pair of 
permanent magnets 32 are each fixed to the magnetic 

45 substance body 60 in such a manner as to face the coii 
24. 

Further, the yoke 26 shown in Rg. 7 is formed in tfiat 
prism-shaped magnetic substance bodies 64 are each 
held between end portions of one side of an H-shaped 
50 magnetic substance body 62 via the pair of permanent 
magnets 32. 

Meanwhile, altiiough the above-described yoke 26 
and the coil 24 are provided in a non-contact state, the 
coil 24 may be held with an extremely flexible elastic body 
55 56 being disposed between the coil 24 and the yoke 26. 
as shown in Fig. 8. As this elastic Ixxly 56. for example, 
rubber, sponge or the like, i.e., those having such an 
extent of 45 degrees at Asker hardness C, can be used. 
As a result, the vibration isolating apparatus 10 can be 
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easily mounted on the vibration isolating table 12 or the 
like wifri the coil 24 being held at a predetermined posi- 
tion. Meanwhile, since the elastic body 56 is extremely 
flexible, even when the vibration isolating apparatus 10 
having the elastic body 56 is applied to the vibration iso- 
lating table 1 2, transmittance of vibration fronn the floor 
1 4 to the vibration isolating table 12 is restrained so as 
to be substantially regarded as nullity. 

[Third Embodiment] 

A third embodiment of the present invention is 
described hereinafter with reference to Fig. 4. A vibration 
isolating table 12 of this embodiment is formed in such 
a manner as to control vibration in a rotational direction 
of the vibration isolating table 1 2, i.e. . in the direction indi- 
cated by arrow R. It should be noted that the same mem- 
bers as those of the first ent>odjment will be denoted by 
the same~reference numerals, and a description thereof 
will be omitted. 

As shown irrFig. 4. the vibration isolating table 12 of 
this embodiment is provided with two vibration isolating 
apparatuses 10 disposed along a diagonal line of the 
vibration isolating table 12. Further, the acceleration sen- 
sor 36 and the acceleration sensor 38 are formed in pairs 
and two sets of the acceleration sensors 36, 38 are 
respectively provided along the diagonal line. 

In this embodiment, vibration of the vibration isolat- 
ing table 12 in the rotational direction is detected by the 
two sets of the acceleration sensors 36, 38 provided 
along the diagonal tine and two vibration isolating appa- 
ratuses 10 on the diagonal line are respecfively controt- 
ted, which makes it possible to control vibration of the 
vibration Isolating table 12 in the rotational direction 
thereof. 

[Fourth Embodiment] 

A fourth emtKXtiment of the present invention is 
described hereinafter with reference to Figs. 9 through 
1 1 . It should be noted that the same members as those 
of the first embodiment will be denoted by the same ref- 
erence numerals, and a descrption thereof will be omit- 
ted. 

As shown in Rg. 9, a miaoscope table 74 serving 
as a vibration Isolating table on which an electron micro- 
scope 72 is mounted is disposed on the floor 14. The 
microscope table 74 includes a supporting base 76 
made of a high rigid mender such as steel material or 
the like. An air spring 78 is mounted on each of four cor- 
ners of an upper surface o# the supporting base 76. A 
rectangular plate material 80 made of a high rigid mate- 
rial Is mounted on and fixed to upper portions of these 
air springs 78. Meanwhile, each of the air springs 78 is 
fornrted with a spring constant thereof in the verttcai 
direction being set small. Accordingly, the vertical vibra- 
tion of the floor 14 can be shut off. 

A vibration Isolating apparatuses 82 are provided on 
an upper surface of the supporting base 76 between 



each two of the air springs 78. The ^^bration isolating 
apparatus 82 of this embodiment has-substantially the 
same structure as the vibration isolating apparatus 10 of 
the first embodiment However, as shewn in Figs. 10 and 

5 11, this embodiment is constructed in that a longitudinal 
direction of the coil 84 is different from that of the coil 24 
of the first embodiment by 90 degrees and is disposed 
along the vertical direction. As a result, a direction of the 
yoke 86 IS also different from that of the yoke 26 of the 

10 f irst emkxxJiment by 90 degrees. 

In Fig. 9. the vibration isolating apparatus 82 for pre- 
venting vibrations in the direction indicated by anrow X 
and a direction opposite thereto is disposed to face in a 
direction in which the plate material 80 is moved in the 

75 direction of arrow X and the direction opposite thereto. 
The vibration isolating apparatus 82 disposed along the 
direction indicated by arrow Y and the vibration isolating 
apparatus 82 along a direction opposite to that of arrow 
Y (not shown) are respectively disposed to face in direc- 

20 tions in which the plate material 80 is moved in the direc- 
tion of anrow Y and the direction opposite thereto. 
Meanwhile, the electron microscope 72 is mounted on 
and fixed to the plate material 80. 

In each of the vibration isolating apparatuses 82 of 

25 this embodiment, the coil 84 can move very easily in the 
vertical direction. For this reason, when the plate mate- 
rial 80 supported by the air springs 78 each having a low 
spring constant is moved in the vertical direction by oper- 
ating the electron microscope 72, the coi! 84 and the 

30 yoke 86 can be prevented from contacting each other. 
Meanwhile, vibration of the plate material 80 in the 
horizontal direction is controlled by the vibration isolating 
apparatuses 82 In the same manner as the first embod- 
iment. 

35 

Claims 

1 . A vibration isolating apparatus comprising: 

magnetic force generating means having a 

40 gap which alksws magnetic flux to pass through in a 
direction intersecting a vibration direction arxJ is con- 
nected to one of a vibration generating portion and 
a vibration receiving portion; 

conducting means which extends in a direc- 

45 tion perpendicular to the magnetic flux passing 
through the gap and In a direction perpendicular to 
a predetermined vibration direction of the vibration 
generating portion and which is disposed within the 
gap in a state of being separated from said magnetic 

50 force generating means by a predetermined dis- 
tance, said conducting means being connected to 
another of the vibration gener^ing portion and the 
vibration receiving portion; and 

controlling means which charges said con- 

55 ducting means with an electric current so as to allow 
said conducting means to generate force acting in a 
direction opposite to the predetermined vibration 
direction with respect to said magnetic force gener- 
ating means. 
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2. A vibration iso/atino apparatus according to claim 1 , 
wherein said conducting means and said magnetic 
force generating means are disposed in a non-con- 
tact state. 

5 

3. A vibration isolating apparatus according to claim 1 . 
wherein two each of said nr^gnetic force generating 
means and said conducting means are provided, 
and one side of magnetic force generating means 
and conducting means are disposed apart from io 
another side of magnetic force generating means 
and conducting means so as to correct both vibra- 
tion amounts of one vibration direction and a direc- 
tion opposite thereto as well as of another vtoratlon 
direction and a direction opposite thereto is 

4. A vibration isolating apparatus according to claim 1 , 
wherein said conducting means is a coil having the 
shape ofa rectangular frame. 

5. A vibration isolating apparatus according to claim 1 , 
wherein said controlling mear>s includes: 

a detecting portion which detects a detection 
value con'esponding to a vibration amount in the pre- 
determined vibration direction ; and 25 

a controlling device which calculates a cur- 
rent value for reducing the vibration amount in 
accordance with the detection value detected by 
said detecting portion and which charges said con- 
ducting means with an electric cunrent of the calcu- 3o 
lated current value. 

6. A vibration isolating apparatus according to claim 5, 
wherein said detecting portion includes: 

a first detecting portion for detecting a detec- 3s 
Won value corresponding to a vibration amount of 
one vibration direction; and 

a second detecting portion for detecting a 
detection value corresponding to a vibration amount 
of a direction different from the one vibration direc- 4o 
^:o^. 

7. A vibration isolating apparatus accoiding to claim 6, 
wherein said controlling device charges said con- 
ducting means with an electric current such that both 45 
vibration amounts of the one vibration direction and 
the direction different therefrom become minute. 

8. A vibration isolating apparatus according to claim 6. 
wherein said first detecting portion and second so 
detecting portion are both acceleration sensors. 

9. A vibration isolating apparatus according to claim 1 , 
wherein said magnetic force generating means 
includes: 55 

a first magnetic substance member which 
has a substantially channel-shaped configuration 
including a pair of parallel portions feeing each other 
and a base portion connecting respective longiludi- 



rial one erxJs of the pair of parallel portions: 

a second magnetic substance member hav- 
ing a substantially prism-shaped configuration; and 
a permanent nragnet having a substantially 
prism-shaped configuration and fixed between the 
base portion and said second magnetic substance 
member, said permanent magnet having an N pole 
on a side of said second magnetic substance mem- 
ber. 

1 0. A vibration isolating apparatus according to claim 9, 
wherein the pair of parallel portions facing each 
other are respectively provided with projecting por- 
tions between which the magnetic flux flows, which 
are formed on a side opposite to the base portion, 
and the gap is provided between the projecting por- 
tions. 

11. A vibration isolating apparatus according to claim 
10, wherein said conducting means is inserted into 
the gap in a state of non-contacting said first mag- 
netic substance niember, said second magnetic 
substance member and said permanent magnet. 

12. A vibration isolating apparatus according to daim 1 . 
wherein said magnetic force generating means 
includes; 

a first magnetic substance member which 
has a disk-shaped conf iguration including a colum- 
nar portion projecting from said first magnetic sub- 
stance member at the center thereof; 

a permanent magnet having a ring-shaped 
configuration and fixed to an upper surface of an 
outer peripheral edge portion of said first magnetic 
substance member, said permanent magnet having 
an S pole on a side where said permanent magnet 
is fixed to said first magnetic-substance member; 

a second magnetic substance member hav- 
ing a ring-shaped configuration and fixed to an upper 
surface of said pennanent nnagnet, said second 
magnetic substance men*>er having a projection 
formed on an inner peripheral surface of said second 
magnetic substance member so as to allow the mag- 
netic flux to f tows in tiie gap; 

an elastic body having a ring-shaped config- 
uration and fixed to an upper surface of said second 
magnetic substance member; and 

vibration isolatrig table setting means whose 
lower-surface edge portion is*f ixed to an upper sur- 
face of said elastic body and which has a cylinder 
portion projecting from a lower surface of said vibra- 
tion isolating table setting means at the center 
thereof so as to cover said coiumnar portion in a 
state of non-contacting the columnar portion, an 
upper surface of said vibration isolating table setting 
means being fixed to a vibration isolating table. 

13. A vibration isolating apparatus according to daim 
12, wherein a projected peripheral surface is formed 
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on an inner periphery of said second magnetic sub- 
stance member so as to aJlow said magnetic flux to 
flow, and said gap is provided on an inside of the 
projected perpheral surface. 

14. A vibration isolating apparatus according to claim 
13. wherein said conducting means is disposed in 
such a manner as to be wound around the cylinder 
portion and in a state of non -contacting said first 
magnetic substance member, said second magnetic 
substance member and said permanent magnet. 

15. A vibration isolating apparatus according to claim 1 . 
wherein said magnetic lorce generating means 
includes: 

a first magnetic substance member having a 
substantially rectangular frame and prism-shaped 
configuration and having projecting portions which 
are respectively formed at central portions and in 
vicinities thereof of one pair of facing parallel por- 
tions- and which allow the magnetic flux to flow ther- 
ebetween, said first magnetic substance member 
being disposed in a state of not contacting said con- 
ducting means; 

a second magnetic substance member which 2S 
is disposed at a position facing said projecting por- 
tions in such a manner as to non-contact said con- 
ducting means and which has a substantially prism- 
shaped configuration; and 

two permanent magnets each having a 3o 
prism-shaped configuration and each of which S 
pole is fixed to each of another pair of facing parallel 
portions of said first magnetic substance member 
and each of which N pole is fixed to said second 
magnetic substance member on a side surface 35 
thereof perpendicular to a direction in which said 
second magnetic substance menrt>er faces the pro- 
jecting portions. 

16. A vibration isolating apparatus according to claim 4o 
15, wherein said magnetic force generating means 
further comprises two elastic menrtbers holding said 
conducting means and being fixed to the projecting 
portions and said second magnetic substance mem- 



1 7. A vibration isolating apparatus according to daim 1 , 
wherein said magnetic force generating means 
includes: 

a magnetic substance member having a sub- so 
stantially rectangular frame and prism-shaped con- 
figuration, having a connecting portion which 
connects respective central portions and their vicin- 
ities of one pair of facing parallel portions, and hav- 
ing projecting portions respectively fomied on both 55 
sides of the connecting portion at a central portion 
and its vicinities thereof so as to allow the magnetic 
flux to f tow. said magnetic substance merrt>& being 
disposed in a state of non-contacting said conduct- 



mg means; and 

two permanent magnets each having a sub- 
stantially prism-shaped configuration and each of 
which S pole is fixed to a central portion and its vicin- 
ities of each of another pair of facing parallel portions 
of said magnetic substance member such that the 
gap is provided between an N-pole side of each of 
said permanent magnets and the projecting portion, 
said permanent magnets each being disposed in a 
state of not contacting said conducting means. 

ia A vtoration isolating apparatus according to claim 1 , 
wherein said magnetic force generating means 
includes: 

a first magnetic substance mender having a 
substantially H-shaped configuration and having 
projecting portions which are formed on iDoth sides 
of a connecting portion for connecting a pair of facing 
parallel portions at a central portion and its vicinities 
of the connecting portion so as to project in a direc- 
tion perpendicular to that in which the connecting 
portion connects the pai-allel portions, said first mag- 
netic substance member being disposed in a state 
of non-contacting said conducting means; 

two second magnetic substance member 
each having a prism-shaped configuration and 
being disposed to face one of the projecting por- 
tions, said two second magnetic substance member 
being disposed in a state of not contacting said con- 
ducting means; and 

lour permanent magnets each having a 
prism-shaped configuration and of which S poles 
being respectively fixed to leading end portions and 
their vicinities of the pair of facing parallel portior^ 
and of which N poles being respectively fixed to side 
surfaces of said second magnetic substance mem- 
bers, which are perpendicular to the projecting por- 
tions of said first magnetic sitetance member. 

ia A vibration isolating table supported by a vibration 
generating portion via elasticity means, comprising: 

magnetic force generating means having a 
gap which allows magnetic flux to pass through in a 
direction intersecting a vibration direction and is con- 
nected to one of a vibration generating portion and 
a vibration receiving portion; 

conducting means which extends in a direc- 
tion perpendicular, to the magnetic flux passing 
through the gap and In a direction perpendicular to 
a predetermined vibration direction of the vibration 
generating portion and which is disposed witfiin tiie 
gap in a slate of being separated from said magnetic 
force generating means by a pred^ermined dis- 
tance, said conducting means being connected to 
another of the vibration generating portion and tfie 
vibration receiving portion; and 

controlling means which charges said con- 
ducting means with an electric current so as to allow 
said conducting means to generate force acting in a 
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direction opposite to the predetermined vibration 
direction with respect to said magnetic force gener- 
ating means. 

20. A vibration isolating table comprising: 5 

first magnetic force generating means having 
a gap which allows magnetic flux to pass through in 
a direction intersecting a vibration direction and is 
connected to one of a vibration generating portion 
and a vibration receiving portion; io 

first conducting means which exterxJs in a 
direction perpendicular to the magn j-tic flux passing 
through the gap and in a direction perpendicular to 
a predeterrr^ned vibration direction of the vbration 
generating portion and which is disposed within the is 
gap in a state of being separated from said first mag- 
netic force generating means by a predetermined 
djstarice.^^Kj first conductir>g means being con- 
nected to another ot the vibratKxi generating portion 
and the^brat»on r ecc* »/i ng pof bon ; 20 

second magnetic tofce generating means 
having a gap wh*cn aJk>vs magnetic flux to pass 
through in a c^ectxxi nter&«cttr\g a vibration direc- 
tion and is connected to one o< the vibration gener- 
ating portion and tt>« v^aiM3n i^ceiving portion; 25 

secorxJ conductmo means which extends in 
a direction perpenc^oMar lo tie magnetic flux pass- 
ing through the gap and m a dvection perpendicular 
to a predetermined vibration dvection of the vbra- 
tion generating portion and if^ytctt is disposed within 30 
the gap in a state bemg separated from said sec- 
ond iTiagnetic torce generating means by a prede- 
termined distarKe. sad second conducting means 
being connected to anothec of the vibration gener- 
ating portion and the vibratKrv receiving portion; 35 

first detectir^g means having a first detecting 
portion and a second detecting portion, the first 
detecting portion detectir^ a vtyration anr>ounl in one 
vibration direction with respect to said first magnetic 
force generating means o« sax) first conducting 40 
means and the second detecting portion detecting 
a vibration amount in a direcbort diffeient from one 
vibration direction; 

second detecting means having a third 
detecting portion and a fou th detectirxj portion, the 45 
third detecting portion detecting a vibration amount 
in one vibration direction with respect to said second 
magnetic force generating means of said second 
conducting means and the fourth detecting portion 
detectir^ a vibration anxwnt in a direction different 50 
frortv one vibration direction^ the third detecting por- 
tion and the fourth detecting portion being disposed 
at a position separated from the first detecting por- 
tion and the second detecting portbn; arxi 

controiiing means which charges said first 55 
conducting means and said secorxi conducting 
means with an electric current based on respective 
detection values detected by the first, second, third 
and fourth detecting portion such that a rotational 



angle of said vibration isolating table in a rotational 
direction thereof becomes zerd. 



F^P 0 701 314 A2 




EPOTOf 314 A2 



F IG. 2 




r:P0 701 314 A2 



F IG. 3 



z 




mm 



EP0 701 314 A2 



F I G. 4 

10 36 




HO 



EP0 701 314 A2 



F IG. 5 




EPO TOt 314 A2 

F I G. 6 



26 




BP 0 701 3 14 A2 




EPOTO S 314 A2 



FIG. 10 



z 




•to 



EPOrOI 314 A2 



FIG. 11 



z 



80--^- 



J 



7 



84 



86 



76' 



A 



EP0 701 314 A2 



FIG. 12 
PRIOR ART 



105 no 

106 \ 



100 



102 




EP0 701 314 A2 



FIG. 13 
PRIOR ART 




(19) 




i 



(12) 



!'IurOi>disches Patentamt 
European Patent Office 
Office europ6endes brevets (11) EP 0 701 314 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

3ai0.1996 Bul)etin1d96/44 

(43) Date of publication A2: 

ia03.199€ BuHetinI 996/11 

(21) Application number: 95113893.2 

(22) Date of filing: 05.09.1995 



(51) Int. CL^: H02K 33/18. F16F 15/03, 
H02K 35/04 



(84) Designated Contracting States: 


(72) Inventor: Miyazaki, Toshihiro, 


DE GB_ 


c/o Bridgestone Corp. 


(30) Priority^ 06.09.1994 JP 212647/94 


Tokyo (JP) 




(74) Representative: Dreiss, Fuhlendorf & Steinnie 


(71) Applicant: BRIDGESTONE CORPORATION 


Patentanwalte 


Tokyo 104 (JP) 


Gerokstrasse 6 




70188 Stuttgart (DE) 



(54) Vibration isolating apparatus and vibration isolating table 

(57) A vibration isolating apparatus and a vbration 
isolating table for reliably controlling vibratiori of an 
object of vibration isolation. A coil-mounting mam body 
(18) is nrwunted on the vibration isolating table and a 
yoke-mounting main body (20) is nrK>urrted on a fkx)r 
(14). A coil (24) of the coil-mounting main body (18) is 
disposed in a gap of a yoke (26) where magnetic flux 
passes through, in a state in which the coil does not 
coniact the yoke. An acceleration sensor for detecting a 
vibration is nrjounted on the vibration isolating table and 
is connected to a controlling device. The controlling 
device receives an acceleration detecting signal from 
the acceleration sensor and controls an electrk: current 
appRed to the coil (24) such that vibration acting on the 
vibration isolating table becomes zero. Since the coil 
(24) and the yoke (26) are disposed in a non-contact 
state, even though vibration shitted in any direction 
other than a direction in which the coil (24) moves is 
generated on the floor (14), the vibration is not transmit- 
ted to the vibration isolating table. 



Fia 1 




CO 

< 

CO 



o 
o 

Q. 
LU 



EP0 701 314 A3 



^ope«.F.un. EUROPEAN SEARCH REPORT a^o.^u^^ 

™«« EP 95 11 3893 



DOCUMENTS CONSIDERED TO BE RELEVANT 






Ckadim of ioanncfiX wHk imiicadoii, wfaerv jqittropriMe* 
•ff rdcvaaK passages 


RdevMit 
to cbin 


CLASSinCATtCiN OF THE 
ArTXJv>A 1 wxin (iKCLft) 


X 


EP-A-0 608 480 (FIRMA CARL FREUDENBERG) 3 
August 1994 

* column 6, line 21 - line 31; figure 1 * 


1.2 


H02K33/18 
F16F15/03 
H02K35/04 


X 


SOVIET INVENTIONS ILLUSTRATED 
Section PQ, Week 8650 24 December 1986 
Derwent Publications Ltcl.» London» GB; 
XJass Q63, AN 86330604 
XP0020 10556 

& SU-A-1 222 933 (FER MET WORK SAFETY) , 7 
'April 1986 
* abstract * 


1,2,19 




X 


US-A-.! 52S 188 (J.W.6EARIN6) 15 Septeinber 
1970 

* figure 1 • 


1.2 










A.D 


PATENT ABSTRACTS OF JAPAN 

vol. 15, no. 22S (M-1122), 10 June 1991 

& JP-A-03 966952 (HITACHI LTD), 22 March 


1.19 






1991, 

* abstract * 




TECHNICAL FIELDS 
SEARCHED (intCLA) 


X 


US-A-4 976 415 (K.MURAI & AL.) 11 December 
1990 

* column 3. line 42 - line 47 * 

* column 3» line 56 - line 68 * 

* column 4» line 33 - line 42; figures 
1.2.9 * 


1.3.20 


H02K 

F16F 


A 


DE-B-12 67 619 (FABRIQUES MOVAOO & Al,) 2 
May 1968 

* column 3,. line 63 - column 4» line 18; 
figures 1,3 • 


1.3.20 





















Pfn mi 

BERLIN 



9 August 1996 



CATCCORy OF OTED DOCUMENTS 

X : pMrttcttUHy rdcvMt if taken aJone 

Y : puticulvty rdevutt iff coi»lMi«d with awrthflr 

tocnmcat of tbe same citcgory 
A : technolog^ca] b»ck£rottK4 



Leouffre, M 



T : ihwy or priacipl* niileriyiiig th« iftventiiHi 
E : caHMT patcttt 4oatmaf, but ^Mishcd on. w 

after tW fUirt^ 4ate 
D : iocMMcat dle4 in the* 
L : ioeumcut dtc4 for ockcr r 

tk : ncMbcr of tte sani« pstcM teaiily, corr«spMi4t»g 



EP 0 701 314 A3 



European Patent 
Cfficc 



EUROPEAN SEARCH REPORT 



Ap^icatioa NttniWr 

EP 95 11 3893 



DOCUMENTS CONSIDERED TO BE RELEVAN 



CitadoA of doctuR«nt with indicati*!!, where .*p?ropii»te, 
of rtJevant passages 



PATENT ABSTRACTS OF JAPAM 

voK 11, no. 198 (E-L19) [2645] . 25 June 

rjP-A-62 023357 (SHOWA ELECTRIC WIRE k 
CABLE CO. LTD.)* ^1 January 1987, 
* abstract * 

US-A-4 161 666 (T. J.BACSANYI & AL.) 17 
l\x^y 1979 
J figures 3,5 * 



Rek^ant 
!• daim 



1,3.20 



1,3,20 



CUiSSlFICATION OF THE 
AFPUCATION <lBt.Clfr) 



TECHNICA!. FIELDS 
SEARCHED (lpta.6) 



8 
s 



Th» pp i ri a t tm w mak w ipi P t I 



BERLIN 



9 August 1996 



Leouffre, H 



CATEGORY OF CITED DOCUMENTS 

X t partioilarty reJcv«»t « taken alolic 

Y : particttlariy rdwuit H ccMbiaei with inotticr 

tocoiBcnt of the same category 
A : teclMolocKal tock^rooad 
O ; noa-anttcn Asdoson 
P : iatcracdiate 4ociiiacnt 



T : th«o«y or p«iadplft asdzttyine t9« aivMtHM 
E : earlier patent 4oatia«at, but puMtshcd or 

after tM fitiB« 4atc 
D : 4ocwiM«t cite# ia the a^fUcaticA 
L : iocumtaBt dt«4 fw ocker nxsnrS 



« : member of the s 



r^tmt'fuaii^ ^:Wj«rSfc« 



EP0 701 314 A3 



J) 



European Patent EP 9511 3893 

Office 



CLAIMS INCURRING FEES 



The present European patent appicatioo cxjmpfised at ihe lime of ftling more man tenctaims. 

□ 



AH daims lees have been paid within the prescribed limelinriit The present European search report has been 
drawn up for all dakns. 



r-i Only part at the daims toes have been paid within the prescribed mne liniit The present European search 
^ report has been drawn up for the first ten claims and for those dams tot which daims tees have been paid. 



□ 



namely daims: 

No daims fees have been paid within the prescribed time KnvL The present European search report has been 
drawn up lor ihe firet ten claims. 



3 



LACK OF UNITY OF INVENTION 



The Search Division considers thatthe present a»rop«aih patent appfication does not oompiy with tfie feqMvementGt ur»i^of 
inveniion and relaies id several inventions or groups of mventons, 

rannety: 

1 . Claims 1 ,2,1 9: Vibration isolating apparatus based on the voice coil nx>tor 
principle. 

2. Claims 3,20: Bidirectional vibration isolating apparatus. 

3. Claim 4: Coil shape. 

4. Claims 5-8: Vibration isolating apparatus controlling means. 

5. Claims 9-11: Voice coil apparatus as shown in fig. 1,2. 

6. Claims 12-14: 2nd embodiment shown in fig. 3. 

7. Claims 15,16: 3rd embodiment shown in fig. 5. 

8. Claim 1 7: 4th emtxxjiment shown In fig. 6. 

9. Claim 18: 5th embodiment shown in fig. 7. 



p-1 All ftjrttier search fees have been paid wiltun ttte fixed time limit. The present European search report has 
been drawn up lor all daims. 



SI 



□ 



Only part of the fcirther search lees have been paid witfiin ttie fixed lime limtt. The present European search 
report has been drawn up for itx>se parts of the European palBni application which lataie ta tf>e inventions in 
respects of which search faes have been paid. 

rwmely daims: 1,2,3,19,20 

None of ttie further search fees has been paid within tfie fnced time limiL The present Bifopean search report 
has been drawn up for those parts of the European patertt application which relate to ttie invention first 
mentioned in the daims. 

namety daims: 



